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(57) Abstract 

A battery controller system for a metal and solid electrolyte battery, such as a lithium-polymer battery has temperature sensors 
arranged to detect a temperature of cells in the battery, heating elements arranged to heat the cells, a heating element controller receiving 
signals from the temperature sensors and controlling a current supplied to the heating elements so as to maintain each one of the cells at 
a predetermined temperature, and a power mode controller detecting a demand for power from the battery and setting the predetermined 
temperature in response to a level of power to be supplied from or to the battery. The power mode controller sets at least a floating 
temperature, a charging temperature, and a power supply temperature. The controller also has voltage sensor detecting a voltage of each 
one of the cells during use. and determines whether any one of the cells is susceptible to damage by continued use. The battery is 
disconnected from the power connection in response to determination that one of the cells may be damaged. 
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LITHIUM-POLYMER TYPE BATTERY AND CONTROL SYSTEM 

Field of the Invention 

The present invention relates to a battery controller and monitoring system for 
5 a solid state, polymer electrolyte battery operated at a controlled elevated temperature, 
such as a lithium-polymer battery. More particularly, the invention relates to an 
uninterrupted power supply (UPS) battery controller. 

Backeround of the Invention 

10 In recent years, rechargeable batteries are more and more widely used. In the 

middle and long term, they provide an economic way of providing electrical energy 
storage and find their applications in different fields of industry. 

One of the applications wherein rechargeable batteries are used is the field'iof 
Uninterrupted Power Supplies (UPS) which are used for today's computers and 

15 telecommunication equipment that has to be continuously powered, even in the case 
of a power failure. A UPS system comprises rechargeable batteries that are in a 
charging process when the grid power is available, but the batteries start providing 
electrical power to the electronic equipment connected to it, as soon as a power failure 
is detected. 

20 Such UPS systems . need battpry. controllers in-order to improve their 

performance and lifetime. A battery controller controls the process of charging the 
batteries, and monitors the discharge state of the batteries. In, some UPS systems,, 
temperature sensing of the batteries being charged is carried out so as to control 
charging or battery by-passing. In conventional UPS systems for large computer 

25 systems or telecommunications equipment backup power supplies, lead-acid batteries 
are normally used as the energy storage medium. 

' New battery techonologies have been developed which promise improved 
energy storage capacity, energy storage density and power supply/charging rate level 
characteristics over the traditional lead-acid battery. For example, metal/metal- 

30 hydride batteries have proven to be an efficient source of energy storage, and 
commercial forms of such batteries have proven successfiil, such as Ni-MH batteries. 
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One form of new battery technology which promises very good energy storage 
characteristics is the hthium-polymer battery (LPB). This battery has a soHd 
electrolyte and stores or releases energy as a result of a phase change in the storage 
medium without producing any vaporl Energy density (W»h/1) and^specific energy 
5 ( W»h/kg) of LPB is very high compare to other battery technology. 

However, the LPB operates at temperatures elevated above room temperature, 
"and has power delivery or charge acceptance characteristics which depend on 
■ temperature. The open circuit voltage of LPBis also vary greatly as a function of 
discharge; namely the cell voltage may decrease by some 10% to 30% (eg. from 3.2V 
10 *' to 2.0V) as the cell is'discharged from full charge to 'minimum charge. It is therefore 
not feasible to make use' of coriventional LPBs in appUcations requiring reliability 
such as UPS which operate in the 'field imder conditions which' may vary from 
relatively stable indoor conditions to extremely unstable outdoor conditions in 
different climatic conditions. 
15- - '"' ■ • ' ^ ^ - 

Summary of the Invention • ' 

' It 4s a broad object of the invention to provide a battery controller for a solid- 
state battery, such as an LPB, which is able to manage the needs of the battery 
operation so that the battery can be reliably installed and used in the field. 
20 It is a firs! object of the invention to provide a battery controller which 

maintains the battery at an appropriate temperature for the desired mode of operation 
of the battery. 

It is a second object of the invention to provide a battery controller which 
monitors individual cell voltage aiid discontinues supplying current to or from the 

25 battery when the cell voltage indicates that the continued' supply of current to the 
battery may permanently damage a cell within the battery. 

It is a third object of the invention to provide a battery controller for a solid- 
state battery, such as anXPB, which monitors both temperature and ciirrent levels to 
be able to detect an over current condition and discontinue frill supply of current. 

30 It is a fourth object of the invention to provide a battery controller including 

telecommunications means for communicating battery performance evaluation data to 
a service center or user. 
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Accordingly, it is an object of the present invention to provide a Network 
Powering System (MPS) Battery Controller for controlling and monitoring the 
operating status and working conditions of lithiumTpolymer batteries, or other batteries 
having similar temperatures and current control needs. 
5 It is another object of the present invention to provide a method of controlling 

the performance of a battery system by adjusting its temperature depending of the 
status of the battery and of the task currently performed by the battery. The intemal 
temperature of the batteries, is adjusted by the battery controller depending on the 
battery operation mode and set to particular temperatures depending on. the type of 
10 application. In a preferred embodiment of the present invention, two particular 
temperatures are used, specifically ^40 °C and 60 and the battery controller set the 
batteries intemal temperature to be, one of these two temperatures depending on the 
batteries operation mode. 

It is another object of the present invention to. provide a methojd of remote 
15 controlling the battery controllers over a network from a data acquisition, control and 
monitoring station, such as a personal computer. Various, tasks , may be performed 
from this remote station, that may be, eventually, the same tasks a local administrator 
could perform locally, on the battery controllers, in order to ch^ge or set up their 
settings. 

20 In a preferred embodiment of the present . invention, .th^ battery system 

controlled by the battery controller is a set or string of nine cells connected m series, 
having a maximimi voltage of 3.1 V/cell, thus providing a maxinium battery voltage 
of 28 V. However, other sets of batteries having different number of intemal cells, 
with various voltages, may also be controlled by the present battery controller. 

25 According to the invention, there is provided a battery controller, system for a 

metal and solid electrolyte battery having a nimiber of cells housed arranged in a 
hpusing, comprising a plurality of teniperature sensors arranged to detect a 
temperature of said cells, a plurality of heating elements arranged to heat said cells, a 
heating element controller receiving signals from said temperature sensors and 

30 controlling a current supplied to said heating elements, so as to maintain each one of 
said cells at a predetermined, temperature, and a power mode controller detecting a 
demand for power from the battery and setting said predetermined temperature in 



BNSDOCID: <WO 9931752A1_L> 



wo 99/31752 



PCT/CA98/01144 



-4. 

response to a level of power and/or an amount of energy to be supplied from or to said 
battery, the power mode controller setting at least a floating temperature, a charging 
temperature, and a power supply temperature. 

Preferably, the heating elements comprise sheet heating elements provided 
5 between flat prismatic cells. More specifically, the heating elements preferably 
comprise plastic sheets having at least one printed circuit resistive heating element 
thereon. The plastic sheets are preferably made of Kapton™ Also preferably, the 
temperature sensors are located at extremities of the cell stack and near a middle of 
the stack, and the heating elements are provided between at least every other one of 
10 ' the cells,' the heating element controller controlling a supply of current to the heating 
elements independently for the extremities and the middle of the cell stack. 

According to the invention, there is also provided a battery controller system 
for a metal and solid electrolyte battery having a number of cells connected in series 
and a power connection comprising a voltage sensor detecting a voltage of each one 
15 of the cells during use, means for interpreting the detected voltage and for determining 
whether any one of the cells is susceptible to damage by continued use, and means for 
disconnecting the battery from the power connection in response to determination that 
one oif the cells may be damaged. 

20 Brief Description of the Drawings 

The invention will be better understood by way of the following detailed 
description of a preferred embodiment with reference to the appended drawings, in 
which: 

Figure 1 is a perspective view of a battery imit according to the preferred 
25 embodiment; 

Figure 2 is a schematic block diagram of the control system for the hattery unit 
according to the preferred embodiment; 

Figure 3 is a schematic side view of a part of a lithium-polymer battery 
according to the preferred embodiment; 
30 Figure 4 shows a heating element for positioning between cells in the battery 

according to the preferred embodiment; 

Figure 5 shows a general representation of the NFS Battery System; 
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Figure 6 shows a battery controller state diagram, wherein the arrows going 
from one state to anoUier represent the conditions needed to be satisfied for changing 
the controller state of operation; 

. • ] .;-*::• ' i ' 

Figure 7 illustrates the NPS controller entity relationship diagram; 

■ • . -^ ' :. 1 ' .^ \- ^ riu •. : >• . in 

5 Figure 8 shows the NPS controller block diagram; 

" . . * ^; i. . i^. . , . ' ^ ' '! ' ' * w t**''- 

Figure 9 shows the NPS controller data flow diagram; 
!;;;. ; * -'l r / ■ i ^ - - ^ : . ' .* r . > , 

Figure 1 0 illustrates the software block diagram of the present controller. 

Figure 1 1 illustrates how a remote acquisition, control and monitoring station 

can control a plurality of battery controllers over a network; 

iO Figure 12 shows an example pf configuration wherein a number of battery 

controllers are employed for controlling and monitoring a plurality of batteries and 

wherein these controllers are remotely monitored by a remote surveillance station. 

Detailed Description of the Preferred Embodiments 

15 . ^ preferred embodiment of the present invention, the battery is used in. a 

network powering system (NPS) rechargeable battery string for providing an 
Uninterrupted Power Supply (UPS) for telecommunications or electronic equipment. 
The NPS battery is equipped with a controller based circuit card assembly to control 
and monitor the battery operating status and working conditions. This electronic 

20 controller and the method it uses for controlling the batteries is one of the main 
objects of the present invention. It has to be noted that the battery and the battery 
controller system according to present invention is not limited to NPS. or UPS 
applications. 

The battery 1 5 contains lithium-polymer cells having a construction which is 
25 known in the art, and in particular is known from a variety of Applicant's own 
published patent applications, granted patents, and publications. The battery housing 
17, as iilusfrated in Figure 1, is designed for installation in the field and is a self- 
contained unit with a rugged plastic outer shell. The housing shell is hermetically 
sealed to protect the lithium-polymer battery from exposure to air. Two terminal 
30 posts 18,18' protrude from the housing 17 and provide 25V direct current (DC). 
Alternatively for NPS applications, it is possible to configure battery 15 to provide 
50Vdc. Two network cable connector jacks 19 and 19' are provided in the housing 17 
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for connecting a communications interface of the battery 15 in a chain with a 
communications network and other batteries. 

Within the battery 15, a plurahty of Uthium-polymer cells 22 are connected in 
series to build up the desired supply voltage, for example j nine (9) cells having a 
5 voltage which varies (depending on the charge state) between 2.0 and 3.2 volts may 

* be connected in a series 20 to provide a nominal 24 V, The battery 15 may contain a 
single such series 20, depending on the size of the 'individual cells 22, and on the 

' desired supply current and storage capacity characteristics of the battery I S, In Figure 

* 2,' there is sliovm a single series 20 of cells 22 contained in the housing 17, however, 
10' ' ^two mechanically separate series 20 may be connected electrically in series to provide 

■ "a higher supply voltage, 'or alterxiatively, two (or more) mechanically separate series 
' oi- stacks may have individual cells connected' in parallel pairs (or n-tuples) to provide 
greater energy storage while keeping^'a same supply voltage. Each cell 22 is formed 
of a flat roll or prism stack of lithiuin-polymer battery film! The construction of such 
15 cells is knovm in the arti arid may also take the form of individual sheets, cylindrical 
' rolls, flat rectangular rolls, folded stacks, etc. The series 20 of cells 22 is insulated 
within housing 17 to prevent thermaf heating loss. 

^ As illustrated in Figure 3, the cells 22 ^e electrically connected together in 
series and ari-anged in a chain as a long stack. In the preferred embodiment, the series 
' 20 of cells 20 are compressed together mechanically, as is known in the art of lithium- 
polymer batteries, to provide a minimum pressure of about 15psi (100 kPa). At 
regular intervals between the cells' 22, heating elements 26 are inserted as shown in 
Figures 3 and 4 for the purposes of heating the cells 22 to the desired operational 
temperature. 

25 Temperature control is important in a lithium-polymer battery. Conventional 

back-up batteries do not require heating or cooling for normal operation. The lithium- 
polymer battery used in the preferred embodiment need to operate at a temperature of 
40°C to begin operating (indeperidentiy of the ambient temperature). The' temperature 
needs to be raised to 60''C to be able to deliver (or during charging, to accept) greater 

30 power. Furthermore, as the battery is discharged, the battery temperature must be 
increased if the power outage is maintain for 30 minutes or greater. 
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As illustrated schematically in Figure 2, temperature sensors 24, such as 
thermistors or another type of temperature sensor, detect the temperature of the battery 
at a number of points. The method of conversion, of the resistances of the temperature 
sensors into temperature values by the temperatiire sensor circuit 32 is well known in 
5 the art. A heating element controller 34 analyzes the. temperature values and adjusts 
the duty cycle of operation of the heating elements 26 to maintain the cells 22 at the 
desired temperature. The heating elements 26 in the . preferred embodiment are 
electrically driven and are j^rovided as printed resistive elements on plastic film, e.g. 
made of Kapton™, (see Figure 4) and are electrically insulated from the cells. 22. The 

10 leads on heating elements 26 are located at the top thereof, and. the temperature 
sensors 24 are located close to one of the leads to detect a maximum temperature. The 
heating elements 26 according, to the preferred embodiment are light-weight, do not - 
take up much volume, have good thermal transfer properties, and do not generate arty 
substances which could contaminate the inert air of the battery, especially when used 

15 at high temperatures, , The hpating elements operate at the, nominal operating voltage 
of the battery so that the heaters 26 can be used^ from a cold start to warm up the cells 
. 22. The heating elements 26 may be ppsitioned in between every cell 22, between 
every other cell 22, or even more sparsely. The advantage of u^ing heating elements 
between the cells 22 is that the heat generated is directly transferred to the body of the 

20 cells 22. The mechanical compression of the cells, ensures excellent th.ermal contact. 
It is important to provide heating which avoids generating "hot spots" and is able to 
heat Aebattery to the desired temperature, quickly and efficiently. . 

The heat loss of the rectangular prism 20 of cells 22 connected in series is 
greater at the extremities than in the middle of the bundle. For this reason, it may be 

25 desirable to provide more heaters at the extremities of the series 20 than in the middle 
In the preferred embodiment, separate temperature control over each end and the 
^ middle section of the stack or bundle of cells is provided. The rnaximum allowable 

temperature variation within the series 20 according to the preferred embpdiment is 
±2°C. In the. preferred embodiment, there are six temperature sensors (representing 

30 the three zones) located to monitor the series 20 temperature at the ends and in the 
middle. The number of temperature sensors are doubled to improve reliability. 
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The desired temperature is determined by a power mode controller 30. Each 
mode has a predetermined temperature setpoint value. In the "sleep" mode, the 
temperature control system is inactive, and this mode may be considered to the a 
"shelf stand-by" mode. In the "stand:-by" mode, rectifier voltage has been detected 
5 and a decision is made to move into the "cold mode" after a brief period of time. In 
the "cold mode", the battery control system uses rectifier power to supply the heating 
elebfient controller to heat the battery cells to 60°C. Once, the 60°C temperature is 
reached, the system switches to "charging mode" in which the power switch 35 closes 
and the battery is charged from the rectifier until the voltage is equal. If the rectifier 

10 fails during charging, the system switches to the "hot power failure", and the battery is 
kept at 60°C. If the rectifier does not fail before completion of charging, the system 
enters the "floating" mpde. In this mode, the temperature is allowed to drop to 40''C, 
and the battery is ready to supply power as soon as ^ rectifier failure occurs. When a 
rectifier failure occurs, the system enters the "power failure" mode and maintains the 

15 battery temperature at 40°C. At this temperature, the LPB is able to deliver 50% of its 
energy capacity. Under normal discharge in the preferred embodiment, the battery 15 
will last at least 30 minutes at 40°C. After 30 minutes, the battery enters "hot power 
failure" mode in which discharge continues and the battery temperature is raised to 
60*^0. At 60'^C, the battery in the preferred embodiment is able to supply all of its 

20 energy capacity. Maintaining the battery at ^ lower temperature at which fiiU energy 
capacity is not available in the floating state prolongs battery life. By increasing the 
battery temperature, as required in the event that the power failure continues, fiiU 
energy capacity and long battery life are achieved. 

The power mode controller detects the voltage at the terminals 18,18*, as well 

25 as the current supplied using a reading fi-om a current detector 39. The controller 30 
outputs a temperature set signal to heating element controller 34 to set the temperature 
to the appropriate temperature for current mode. In the simplified temperature control 
scheme according to the preferred embodiment, the temperature is maintained at 40^C 
during a first 30 minutes of normal back-up use, and then the battery temperature is 

30 raised to 60°C to permit continued power supply even though the battery has been 
partly discharged. The controller 30 could alternatively raise the temperature of the 
battery progressively as the battery energy is discharged. The control over switching 
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between the cold mode and the stand-by mode may also be operator determined using 
the interface 40. 

The control system according to the preferred embodiment is provided with a 
number of safefy and operation monitoring features. Firstly, the voltage of each cell 
5 22 is measured using a bus 28 and a cell voltage measuring and monitoring circuit 36. 
In the case of lithium-polymer batteries, an individual cell may lose its capacity to 
supply power at a certain point in its discharge, arid consequently its voltage may drop 
more rapidly. The voltage of individual cells can be measured and compared to an 
absolute scale (i.e the voltage in volts); or the voltage measured may be compared to 

10 the other cells. " As soon as it is detected that a single cell 22 has a voltage 
sigmficantly lower that' an acceptable value, eg. either 2.0V or a given percentage of 
the other cell voltages, the circuit 36 decides to disconnect the series of "cells 20 by 
opening a relay switch 37, By stopping continued use of the series of cells^ 20, 
dEmage to the individual cell 22 having the low voltage is prevented. However, a full 

15 recharge of the series ^foliowed by equalization oif cells 20 will allow the low voltage 
ceU 22 to recoveFaiid be useful f6r~^^ Equalization of the battery means 

that the individual cells are charged to ttae same voltage. For this ' purpose, the 
mdividual cell voltage momtor has a special active charge mode for supplying current 
onto bus 28 for ctiai-ging indiviciuariy each c^lf 22 until they reach a common voltage, 

20 eg.3,2V:'' * * '"'-'-"^ ' ■■ 

Secondly, current supplied by the battery is monitored using a sensor 39. 
Ovefcuri-ent, typically resulting from an' external short circuit condition, is detected 
and cohtrbller 38 opens relay switch 35. If there is only one series 20 in the battery 
15, switch 37 and 35 will be the sanie switch. Controller 38 detects the voltage at the 
25 tenriinals 18,18', and when the voltage retums to be above zero, switch 35 is closed 
and power supply may resume. In this way, cycling of the power switch 35 is 
' prevented. ' . * - 

' ' ^ Thirdly, the * heating element controller 34 detects an overtemperature 
condition, for example a temperature exceeding 80°C, and it will disconnect the series 
30 of batteries 20 from terminals 18,18' until the temperature drops to a value of 40°C. 
In addition to electronic "control of the electric heaters to prevent overtemperature, a 
thermal fuse may be provided to disconnect the power supply froni the heating 
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elements 26 when the battery temperature reaches 93''C, The thermal cutoff fuse is 
located at a point most likely to be the hottest in the housing. The thermal fuse may 
comprise an NTE-8d90 manufacturer NTE Electronics. Extreme overtemperature is 
dangerous since the Lithium could liquefy (at ISO'^C) and become volatile if exposed 
5 to air. • - 

The remote monitoring interface 40 collects voltage, current, temperature and 
■ 'po^X^er 'rriodc data for the purposes of compiling performance"^ and operation reports. 
Hie interface 40 niay be directly "cohnected via a modem to a telephone line at the 
telecommuhicaiions -equipment site for the purposes of sending electronic status 
10 fepbrts. Status rcpJon can be serif at regular intervals, as well as whenever a problem 
is detected. Remote access ta interface 40"can also be achieved, not only when reports 
are beiilg sent, but also upon remote request, ie: the interfabe 40 may provide 
' ' ' '■ information or accept commands sent via' the telecortununications network. The 
' * ' network to which 'jnicrfacc 40 connects miay be a data network such as the Internet or 
" 15 - a private packet switched data netwbrk. • " ' < . . , t s 

In the case of an NPS, the decision to stop supplying power from a battery, 
> ' imder conditions of baticr>' celT voltage or temperature; which are dubious but not 
definitively harmful to-thc- battery, onay be made either at a remote central decision 
- station of the telecommunications service -provider or as a result of an algorithm 
20 ' (operaiting in interface 40 or one of the controller in battery 15) that ^es into 
' • . consideration the operational stale data (obtained by communication via the interface 
40) of other battery units connected in parallel with the battery 15. If the battery 15 is 
* not critical in maintaining service of the telecommunications equipment, a preferred, 
but perhaps optional shut-down should be done. 

. 25 ■ 

Operational Concepts 

Figure 5 shows the NPS ' battery system connected between 
telecommimications equipment and a grid power rectifier. The battery and controller 
system is composed of the battery itself with a power switch (Swpower), heater, 
30 heater control switch (SWheater) and three sensors to monitor the switch voltage and 
current and battery temperature. As an example, the battery may be composed of 9 
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cells connected in series, in order to provide a maximum voltage of 28 Volts/Battery 
(Vcells= 3,1 volts). 

To obtain the required performance and working conditions, the battery heater 
is used to maintain intemal temperature to particular temperatures that are more 
5 suitable for best battery performances, such as either 40°C (floating temperature) or at 
GO'^C (charging temperature) depending on the battery, operating mode. It has to be 
noted that the temperatures used in the present api^lication are provided, only as an 
exarnple and do not limit the scope of the present invention. Qtl^QT temp.eratures or 
ranges of temperatures may be used as well. For example, a systeip, using more than 
10 two different temperatures may use the same.principle of the present invention. r 

As shown ip the state diagram of Figure 6,.whgn putting the ^battery into 
serv'ice, the battery temperatiire is brought .up to SO^'C to recharge thes.batteiy. When 
. the,battei^ i§ fojly,^ goes into floating mode. and. the battery, temperature:is 

. . ..lowered to 40°C.^AVhen. a po.WCT^fa^ the battery is maintained at 40'*C^or 

15 the first 30 minutes and then it goes into h9t powep failure mode and.tiie temperature 
is raised .to 60X..;r . . ^ . - ; > fiij r i..;. v^i! 

The battery remains in service as long as it is, connected, otherwise:.it retums*to 
standby mode. Furthermore, duripg , a, -power failure the battery stays, in ';$jerviceiias 
Jong as the intemal voltage of each cells 4s ; higher .than 2 voltSi the.temperaturevis 
20 below 80°C or current is lower than; the short circuit condition. . Asispon as one cell 
voltage reaches 2 volts, the power and heater switch are opened and the.batteiy returns 
. to standby mpde until power comes back on to repeat the cycle. , . . • . i : ! v 

, Initially, the NPS software starts in standby, .mode and only proceed to the 
following operating modes ^yhen connected. As sho\vn in Figure 6, the: transition 
25 from one state to the other is governed by specific events and/or operational 

conditions. . . 

^ ; ; , ^ The Short-circuit, and overtemperature modes are associated with failure 
.... conditions. In standby^zn^ cold modQS^ battery power is off (SWpower is opened) and 
in all other modes battery power is on (SWpower is closed). 
30 . The over-temperature detection is simply done by monitoring the battery 

intemal temperature and the short-circuit by monitoring the. status of the power 
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switch. Since the power switch is equipped with a sensing circuit that automatically 
opens the switch whenever the current exceed 50 Amps. After the power switch is 
closed, whenever the software detects that the power switch has been opened by the 
sensing circuit, it goes directly into short-circuit mode. 
5 In standby iriode, the NPS circuit card waits to be put into service (connected) 

and bofh the Battery* and heater switches are kept open In tliis mode, the software 
• monitors the voltage at the switch (Vswitch) and if the Vswitch reading is: 
' ' • ■ Negative, meaning that the rectifier is connected to the battery and that battery 

voltage is lower than rectifier voltage, the software goes to cold mode; 
* ^ *10 ' • ' Zero, meaning Wt the battery' is efther not connected or the rectifier voltage is 
equal 'io battery voltage, thie software momentarily closes tlie heater to verify the 
resulting voltage' at the switch. If Vswitch remains zero, the rectifier is connected to 
• ' * the battery and the software goes to cold indde. Otherwise, the battery is standalone 
• 'and the software remains in 5/awJZ?y mode; 
J 15 - : -Positive; meaning that the' battery is connected but no external power is 

' appUed to the battery, the software remains in standby mode if the temperature is 

' '• eqiiaf or above 40°C the battery switches into power fail rnode. 

ill cold mode or warm-up mode, the battery power switch is keep opened and 
the heater is turned on. The warmed up process is used to bring battery temperature to 
20 ' 60 °C before recharging. When * exiting co/ J ihode, a verification must be done to 
determine if a short-circuit condition already exist before trjdng to close the battery 
power switch. * * ... - ... 

In charging mode, the power switch is closed and battery temperature is kept 
at 60°C. The battery is recharged until its voltage reaches the voltage of the rectifier 
25 (i-e. Vswitch = 0) . When the battery is fiiUy recharged, the battery temperature set 
point is set to 40 "^C and the battery goes into floating mode. While charging the 
battery: * ' ' 

If a power failure occurs, since the battery temperature is already at 60 °C, the 
software goes directly into hot power failure mode; 
30 • If the battery is disconnected, it retums to standby mode. 
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In the floating mode, the power switch is closed and battery temperature is 
maintained at 40*^0. The battery stays in this mode until it is either disconnected or 
until a power failure, a short-circuit or an over temperature condition occurs. 

The software modules of the controller, continuously njonitors the voltage and 

5 current at the switch and whenever the current J?ecpmes greater than 0, either the 

battery has been disconnected or a power failure has occuired. By turning the heater 

off, if the current falls to zero, the battery was disconnected and the software goes into 

' • ; . ,v • :. 'J -> ■ r. ./.'■• -* '■ • - ■ ' ■ ^ 

standby mode. Otherwise, if the current remains greater than 0, the software goes 

into power failure mode. 

10 . In the power failure mode, the power switch is maintained closed and the 

battery temperature is kept at 40*J*C. The battery enters in this rn^ode,,as soon as 
rectifier power is lost. The. battery stays in this mode for no more than SOjninutes or 
until rectifier power is restored, or the temperature reaches SO°C, o;r, the. battery is 
disconnected, or the voltage at any individual cells falls at 2 yolts.or below. When the 

15 30 minutes delay^ as been reached,, the. battery, tepiperature set point is raised to .60SC 
and the battery goes, into hot power fQilurejpfiodQ. When power is restored,.|ttie battery 
returns directly to charging mode. If the battery is disconnected or .the pell voltage 
falls at 2 volts or bellow, the heater and power .switches are opened and the battery 
goes into^/awiifcy mode, _ . _ , . . , 

20 In the hot power failure mode^.the ppv^er switch is, mairitained closed and the 

battery temperature is kept at 60°C. The. software rernain^ in this rnpde for as long as 
power is not restored, or the battery is discoruiected, or imtil orie of the cell voltages 
reaches 2 Volts, or if an over-temperature or $hort-circuit condition has been detected. 
When power is restored, the battery goes directly to charging mode. 

25 In the short-circuit mode, the power switch was automatically opened by. the 

over current sensing circuit and heater is turned off. The battery remains in this mode 
for as long as the short-circuit condition is not corrected. When corrected, it retums to 
cold mode. 

Referring to Figure 5, with a short-circuit on the outside post of the battery, 
30 the voltage reading at the switch is equal to the battery voltage. As long as the voltage 
reading remains greater than zero, the software remains in short-circuit mode. When 
the voltage becomes null, the software retums to cold mode. 
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Whenever battery temperature reaches 80 ^C, the battery gets into the over 
temperature mode and its power switch is open, the heater is turned off and the 
software goes into over temperature mode. The battery sta]/s in this mode for as long 
as battery temperature is over 40 ^'C. When, it reaches 40 or below it goes into 
5 standby mod&. 

. Figure 7 shows the NPS entity relationship. The.NPS software interfaces with 
the battery switch, cell's voltage sensors and heating system. It also provides a user 
interface to command and control the battery, operation and to transmit battery 
monitoring information. , . . -. 

10 The NPS battery system uses a serial. interfac.e>tp co;iimunicate with external 

devices. Using script commands, it is possible to query . for information or to change 
software funqtional parameters. _ ^ ? r , * -v. 

The battery power switch (SWpower) is aptiyated, opened pr closed, by 
software except when a short circuit condition is present then an electronic circuit will 

15 override the software command. When closed, .a^ensing pircuit (hardware) monitors 
the current that pass through the switch, and it automatically opens the switch 
whenever the current exceed 50 Amps. The. sensing circuit also returns the status of 
the switch (on/off), the voltage and the current. The status is a digital input value, the 
current and voltage are analog values between 0 and 5 volts.. Both signals are fed to 

20 an A/D converter channel to be read by software. 

The heater is used to regulate the internal battery temperature to the desired 
operating leyel according to the mode of operation. In standby the-^ heater switch is 
turn off/on to detemiine the presence of the rectifier or a load. In short-circuit and 
over temperature modes the heater is turned off In cold, floating and power failure 

25 modes, the temperature set point is 40 °.C. In charging and hot power failure modes 
the temperature set point is 60 °C. . ■ . 

The NPS battery system is composed of 9 cells connected in series The output 
voltage of each cell is fed to an analog multiplexer and from the multiplexer to a A/D 
converter. Meaning that the software can measure the output voltage of each 

30 individual cell by selecting the appropriate channel on the multiplexer and by reading 
the conversion result at the A/D converter. 
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The software continuously monitors each cells and whenever the voltage of 
any cells teaches "2 volts, the Sattery power ' switch and the battery is returned in 
standby mode. ' 

The NFS system may be' based on thb^68HCllFl micro-controller from 
' 5 Motorola. The micro-controller may be used in expanded niode arid hiay use the 
following 68HC 1 1 F 1 resources: ' * . v . . 

* ' 24 I/O ports as 'an 8 bits data and' 1 6 bits address'buses (64 'K address space); 
" ' ' 512 bytes EEPROM; ^ * " ' ' ' ' 

' ■ ' 'l024bj4esbiFRAM;'-" ' " ' j:^:r:.rr 

10 • Asynchronous Serial Communication Interface (SCI) (fiill duplex* NRZ); 
• • ' ^ Synchroridiis' Serial Peripheral'Inter^ ' r - 

14 I/O port6; 

As shown in Figure 8, the following resbiirces are adiied to tKe 6^'h6i IFl for 
tifie NFS- battery B^Stis^^ ^'•''^ ' ' " ^• 

. 15 ..I.; . -^'-3^ Kt>ytes bt- '-'^ i:.^':!/.:': - " v--'- 

^- 16 channel multiplexer; '^'^ : " • --^ , ■ 

• ^ 12 bits A/D converter; '^^ -•*-**" ' l - • " - • *" 

* Full duplex current loop interface adapter circuit;" ' ' ' . ' . 
' * Battery switch circuit; ' - • ' '• ^ ' ^ ' ' • ' 

20 • ■ * Resistance Temperature* Detector (RTD). ' . ' • ' - 

Operating System Semces tod' Hardw£u-e" Resources 
' ' The NFS software does not rely oh any operatiiig systerii. ' It uses interrupt 

^' driven events to switch from task to task. The two sources of events are the SCI 
25 communication and the real-time clock ihtieirrupts. 

The* NFS software uses the real-time clock as a task scheduler for the 
monitoring of battery parameters and mode supervision. 
;i ' ' --'fvThe 68HC11 bootstrap mode' is tised- to download a program into the internal 
68HC11 1 KBytes RAM. When the downloading process is completed, the 68HC11 
30 automatically starts the execution of that program. 

• For the NFS project, this mode is used to download a utility program to load 
the application into the 32 Kbytes non-volatile static RAM memory. For this purpose. 
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the bootstrap software initializes the commxmication controller and sets the 
configuration of the 68HC11 I/O pins to the appropriate conditions^ After the 
initialization process is completed, the download utility sets the SCI in receiving 
mode and waits for the application program download files. The download file format 
5 must be in Motorola SI codes. 

After the application program has been downloaded into memory, we remove 
the bootstrap mode and reset the board to start the application. 

The extended mode is used fo run the NPS application software. This mode 
provides a non-multiplex 16 bits address bus and 8 bits data bus. In addition, the 
i 6 software requires the use of: 

Port D bits 4,3,2 for the synchronous SPI transfer; 

Port D bits 2-1 for SCI communication; 

Real-time Timers; 

Program chip select (PG 7); 
15 • Input/Output ports (PG 5-0 and PA); 

Dependencies Description 

Figure 9 shows the data flow diagram the NPS software components. 

The read cell voltages ftonction uses the analog multiplexer to select a given 
battery cell and the 12 bits AID converter to obtain the voltage reading. When called, 
20 tihis ftonction reads the 10 cell voltages and sends the result over the SCI interface. 
Furthermore, if the voltage reading of any cells is lower or equal to 2 volts, an alarm 
is raised to signal faulty condition. 

The switch circuit provides a feedback of its status (on/off), voltage and 
current. The status is obtained by reading the input port PA-2 and the switch voltage, 
25 . and current are obtained by 12 bits A/D conversion on the. multiplexer channels 10 
and 1 1 respectively. . . 

The control heater fimctipn is used to. keep. the.battery .temperature at a desired 
level. It receives a temperature set point and a dead band value. Whenever the 
temperature is lower or equal to the temperature set point minus the dead band value, 
30 the heater is turned on. On the other end, if the temperature is higher or equal to the 
temperature set point plus the dead band value the heater is turned off. 
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The control heater function obtains the temperature reading from the 12 bits 
A/D conversion on multiplexer channel 12, ^ The. temperature signal comes from a 
Resistance Temperature Detector (RTD) circuit that provide a voltage reading 
proportional to the temperature level. 
5 The control environment function monitors the battery parameters and sets the 

battery operating mode according to the voltage and current readings from the power 
switch. It also monitors the over-temperature and short-circuit conditions and controls 
the power and heater switches accordingly. 

The user interface function provides a series of control and query commands 
10 to change working parameters or to query for monitoring information. The set switch 
function is used to c9ntrol the battery power switch. When activated, the function 
reads the feedback from the power switch sensing circuit to confirm the status of the 
switch with the issued command. ^' 



15 Battery Controller Software Modules - 

There is a plurality of software modules that performs various tasks on the 

battery controller card. As an example, some of this modules are described in- the 

following paragraphs. ^ 

With logical l^s on 68HC11 input pins MOD A and MODE, the micro 
20 controller automatically starts in expanded mode. Meaning that I/O ports B, F and C 

are configiu*ed as 16 bits address bus and 8 bits data bus respectively and all other I/O 

ports are configured as input ports. ' 

This function initializes output pins on ports A and G and sets their respective 

value according to the following: 

25 



PA 7-4 


Multiplexer channel selector 


0 


PG 3-2 


Power Switch Control 


OFF ( 1-0 ) 



The battery controller acquisition system is based on external 12 bits A/D 
converter having 16 channels analog multiplexer. The external A/D converter uses 
synchronous interface, compatible with Motorola SPI communication protocol, to 
30 receive and transmit data. 
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The battery cells are connected to the first 10 channels of the 16 channels 
analog multiplexer MAX306 and the MAX306 output is sent to the A/D converter 
(LTC1286) for signal conversion. Cells 1 to 9 are connected to channels 0 to 8. The 
channel selection is done by the output port PA-4 to PA-7. When a channel is 
5 selected, a delay of at least 5 ms shall be provided for the corresponding signal to 
stabilize before the A/D conversion. 

The voltage and cuixent signals, for the battery power switch relative voltage 
and ciravra current, are also sent to the analog multiplexer ifor conversion by the A/D 
converter (LTC1286). The switch vohage is obtained on channel 11 and the switch 

10 current on chaimel 11. 

.... . ^ , . . ... -I ' .. ' "' 

The get switch voltage and current function selects each channel for 
conversion and records the result from the A/D converter in two variables. 

The temperature is obtained through the RTD sensor located inside the battery. 
The RTD value is converted into a voltage equivalent and sent to the analog 
15 multiplexer channel 12. The temperature is obtained by converting the RTD signal 
with the' A/D converter (LTC1286). The temperature reading is retumed as is (not 
trsiislated) to the calling routine. 

The user interface fimction, processes messages received on the 
communication channel arid returns polling request. 
20 The Scheduler is coimected to the 68HC11 real-time timer interrupt. The 

Scheduler verifies the battery parameters and set the software into the appropriate 
operating mode according to the state diagram shovra in Figure 6. With the 8 MHz 
crystal, the real-time timer is set to generate an interrupt (timer tick) every 32.77 ms, 
meaning that the Scheduler is executed at a rate of about 30 Hz. Each time Scheduler 
25 handler is executed it increment timer tick counts to a desired delay. When the delay 
is reached, the corresponding function (or task) is executed and the coimt is reset to 
restart the process. 

Battery Controller Remote Access and Control 
30 The battery controller previously described may be reached via a network, 

such as the intemet network in order to be remotely controlled from a remote 
computer system. Figure 7 shows a general representation of a plurality of battery 
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controllers which are accesses and controlled from a remote data acquisition, control 
and monitoring station. 

Various protocols, such as TCP/IP or UDP may be used in order to remotely 
access the battery controllers via a network. The communication link established 
5 between the controlling station and the battery controllers provide data security by 
using encryption and password protection. The UPS control unit may. also provide 
data recording capability for FTP transfer, when requested by .the user. Other 
communication facilities may be used as well for remote accessing , the battery 
controllers. Using the internet network or other widely spread network, data 
10 acquisition, control and monitoring systems may be located anywhere. 

The overall NPS system, as shown in Figure 12, is composed of the MPS 
communication controller that provides the communication link with a remote node, 
the NPS current limiter that provide the monitoring functions for a string of. two 
batteries and the NPS Battery controller that provide the monitoring and control 
15 required on.each battery. 

The remote NPS Monitoring Station shall, obtain log file recorded by the NPS 
Communication Controller and provide the monitoring functions to display the 
histogram and current status of an NPS System. 

It has to be noted that Figure 12 only gives an example of NPS system 
20 configuration. The number of battery controllers as well as the number and type of 
NPS current limiters may vary from one application to another, depending on the 
output voltage of the batteries. 

A portable NPS Service station may be used by a battery controller 
administrator to monitor locally the status of an NPS System and to provide the 
25 functionality required to service the NPS system components. In particular, it shall be 
used to: 

Update software/firmware; 

Modify operating parameters; 

Download NPS System log file from the NPS Communication Controller, 
30 Eventually, the two stations (i.e. the portable and the remote stations) 

may be set up in order to perform the same tasks. 
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A local computer station is needed to serve as a local communication server at 
the battery controller location, as better shown in Figure 12. This UPS communication 
controller is used as an interface between the battery controller and the remote 
acquisition, control and monitoring station. Its task is to send and receive data over 
5 the' communication network (internet or other) to and from the remote station. As an 
example, but not restricted to, the UPS communication controller may have the 
following features: 

' ' use a Windows 95/NT operating system; 
•* ' ' have a Lonworks FTT-10 78 kbits communication interface; 
10 • provide Lontalk file transfer services; 

' * ' • ' have a large amount of disk space for data logging and program space. 

Although the present invention has been described with reference to a 
preferi-ed embodiment, it is to be understood that the present descriptibn is intended to 
15 teach a preferred embodiment and not to Umit the scope of the invention from 
encompassing variant embodiments as defined in the appended claims. 
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CLAIMS: 

1. A battery controller system for a metal and solid electrolyte battery having a 
number of cells housed arranged in a housing, the controUer^comprising: 

5 a plurality of temperature sensors arranged to detect a teinperature of said 

cells; . 

a plurality of heating elements arranged to heat said cells; 
a healing clement controller receiving signals from said temperature sensors 
and controlling a current supplied to said heating elements so as to maintain each one 
10 of said cells at a predetermined temperature; and ^ , ^ 

a power mode controller detecting a dernand for power from the battery and 
setting said prcdcicmuncd temperature in response to a level of power and/or an 
amount of cncry> to be supplied from or to said battery, the po^ye^ mode contrpller 
setting at least a lloatrng icmperature,. a charging teinperature, and a power supply 
15 temperature. . • » : • 

2. The controller system as claimed in claim 1, wherein said heating elements 
comprise sheet hcatmg elements provided between flat prismatic cells. 

20 3. The controller system as claimed in claim 2, wherein said heating elements 
comprise plastic sheets having at least one printed circuit resistive heating element 
thereon. 

4. The controller system as claimed in claim 3, wherein said plastic sheets are 
25 made of Kapton™. 



5. The controller system as claimed in claim 2, wherein said battery comprises a 
stack of flat prismatic cells, said temperature sensors are located at extremities of said 
stack and near a middle of said stack, and said heating elements are provided between 
30 at least every other one of said cells, said heating element controller controlling a 
supply of current to said heating elements independently for said extremities and said 
middle of said stack. 



wo 99/31752 PCT/CA98/01144 

-22- 



6. The controller system as claimed in claim 3, wherein said battery comprises a 
stack of flat prismatic cells, said temperature sensors are located at extremities of said 
stack and near a niiddle of said'stack, and said heating elements are provided between 
5 at least every other' one of said cellsV said' heating element controller controlling a 
supply of current to said heating elements independently for said' extremities and said 
mfddle of said stack. 

1," The controller system as claimed in claim 1, further comprising : 

a voltage sensor circuit detecting at least a voltage of said battery at said power 
connection; 

a battery performance evaluaitor circuit interpreting signals from said voltage 
sensor arid generating evaluation signals; 

a telecommunications circuit relaying said evaluation signals to a network. 

The controller systeiri as claimed in claim 1, further comprising : 
a current sensor detecting a current supplied by said ceils during use; 
means for interpreting said current for determining whether an over current 
condition exists; and 

means for disconnecting said battery from said power connection in response 
to the over current condition and for automatically reconnecting said battery when an 
over current condition ceases. 

9. The controller system as claimed in one of claims 1-8; wherein said battery is 
25 a lithiimi-polymer battery. 

10. A battery controller system for a metal and solid electrolyte battery having a 
number of cells connected in series and a power cormection, the controller 
comprising : 

30 a voltage sensor detecting a voltage of each one of said cells during use; 

means for interpreting said detected voltage and for determining whether any 
one of said cells is susceptible to damage by continued use; and 



10 



15 



20 
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means for disconnecting said battery from said power connection in response 
to determination that one of saijd cells may, be damaged. 

11. The controller system as claimed in claim 1 0, fur^er comprising : 

5 a voltage sensor circuit detecting at least a voltage of said battery at said power 

connection; 

a battery performance evaluator circuit interpreting signals from said voltage 
sensor and generating evaluation signals; 

a telecommunications circuit relaying said evaluation sigrials. to a network. 

10 ■ . . ' / 

12. The controller system as claimed in claim 10, further comprising : 

a current sensor detecting a current supplied by said cells during use; 

means for interpreting said current for determining whether an oyerrcurrent "Z'j 

condition exists; and * . r 

15 means for disconnecting said battery from said power connection in response - 

to the over current condition and fbr^autoinatically reconnecting said, battery when an :t 

over current condition ceases. : . . . 

13. The controller system as claimed in claim 10, further comprising : — 
20 a plurality of temperature sensors arranged to detect a temperature of said 

cells; 

a plurality of heating elements arranged to heat said cells; 
a heating element controller receiving signals from said temperature sensors 
and controlling a current supplied to said heating elements so as to maintain each one 
25 of said cells at a predetermined temperature; and 

a power mode controller detecting a demand for power from the battery and 
setting said predetermined temperature in response to a level of power to be supplied 
from or to said battery, the power mode controller setting . at least a floating 
temperature, a charging temperature, and a power supply temperature. 
30 , , 

14. The controller system as claimed in one of claims 9-13, wherein said battery is 
a lithium-polymer battery. 
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15. The controller system as claimed in claim 14, wherein said heating elements 
comprise sheet heating elements provided between flat prismatic cells. 

5 16. The controller system as claimed in claim 15, wherein said heating elements 
comprise plastic sheets having at least one printed circuit resistive heating element 
thereon. • - 

17. The controller system as claimed in claim- 16, whereiri said plastic sheets are 
10 made of Kapton''^*. - ' . ' . 

18. The controller system as claimed in claim :15, wherein said battery comprises a 
stack of flat pnsmaiic cells, said temperature sensofs'are located at extremities of said 
stack and near a middle of said stack, and said heating elements are provided between 

15 at least every other one of said cells; said heating element controller controlling a 
supply of current to said heating elements independently for said extremities and said 
middle of said stack. 
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